Key Summary Points {#FPar1}
==================

There is an increased incidence of falls and fractures in patients with type 1 and 2 diabetes.Insulin, hypotensive drugs, analgesics and canagliflozin further increase the risk.Thiazolidinedione use may increase the risk of osteoporosis and fracture.After a fall, mortality in the diabetic patient is increased because of cardiovascular events and pneumonia.We carried out this review after observing how frequently patients with diabetes sustain falls and fractures.There is an unmet need to find ways to prevent falls and fractures in this population.

Introduction {#Sec1}
============

A fall can be defined as an event that results in inadvertently coming to rest on the ground or floor \[[@CR1]\]. Over the age of 65 years, 59% of patients report at least one fall per year and over age 65 almost all fractures of the hip are due to falls \[[@CR2]\].

The first phase in a fall is a trip or slip, which is more frequent because of weakness of the distal musculature. At this point, the fall can be corrected through activity of the proximal lower limb muscles but if there is weakness of these muscles the fall continues so that balance cannot be regained \[[@CR3], [@CR4]\]. Furthermore, the ability to abort a fall may also be negated by upper limb weakness resulting in an inability to grasp an object to regain balance. Following a fall, hip fracture is more common in the presence of osteoporosis and/or poor bone quality.

In general, hip is the most common fracture in the elderly population, and it is associated with an increased mortality and poor functional recovery \[[@CR5]--[@CR7]\]. This severe medical and socioeconomical burden is even greater in the diabetic patient \[[@CR8]\].

At least 400 factors are associated with falls with the most important being a previous fall. However, other significant risk factors are hypertension, diabetes, pain and polypharmacy \[[@CR9], [@CR10]\]. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Diabetic Neuropathy, Falls and Fractures in the Patient with Diabetes {#Sec2}
=====================================================================

At any age, the incidence of falls and fractures is increased in the patient with diabetes. It has been widely believed that this is largely due to the presence of distal symmetric and autonomic neuropathy causing decreases in sensory perception and balance \[[@CR11]\]. Fifty percent of people with type 2 diabetes have neuropathy, which leads to a decrease in life expectancy as well as quality of life. Furthermore, sensory defects in the feet are associated with increased postural motion and slower gait. This detrimental effect on gait leads to a disruption in the body's sensorimotor system, another important mechanism of falls \[[@CR12]--[@CR14]\]. However, the association of diabetic neuropathy and falls may be even greater in those with decreased proprioception as assessed by a defect in joint position sense. In a cross-sectional study of patients with diabetic neuropathy diagnosed by clinical assessment and electrophysiologic studies, 85% had decreased vibratory sensibility, 70% absent ankle reflex and only 39.6% had decreased joint position defined as two or more errors in a trial of ten toe positions; however, the study lacks data on the severity of the distal sensory neuropathy \[[@CR15]\]. The decreased joint position sense indicates sensory deterioration and frequently occurs in conjunction with muscle atrophy. Diabetic peripheral neuropathy appears to be an independent risk factor and correlates with sarcopenia, which becomes more obvious with the aggravation of neurologic symptoms \[[@CR16]\]. This suggests that the association of diabetic distal symmetrical polyneuropathy with falls and fractures could be due to neuropathy and/or sarcopenia. In addition, patients who have symptomatic diabetic neuropathy are more likely to be taking medications with a sedative effect, which will further augment their risk of a fall \[[@CR17]\].

Hypoglycemia, Hypotension and Polypharmacy Causing Falls {#Sec3}
========================================================

In a meta-analysis of six studies using a random effects model and including 14,685 subjects, there was a 64% (95% CI 1.27--2.11) increase in hip fractures among those with diabetes. However, if insulin was being utilized there was a 94% (95% CI 1.42--2.63) increase in risk compared to 27% (95% CI 1.06--1.52) in non-insulin users \[[@CR18]\]. In another meta-analysis diabetes was associated with an increased risk of hip fractures (RR 2.07; 95% CI 1.83--2.33), and subgroup analysis indicated that the excess risk was more pronounced in type 1 diabetes (RR 5.76; 95% CI 3.66--9.07) than that in type 2 diabetes (RR 1.34; 95% CI 1.19--1.51) \[[@CR19], [@CR20]\]. These data were confirmed by a study that showed that while the relative risk of any fracture was mildly increased (RR 1.295 CI 1.01--1.15), fracture of the hip was increased 2.8 fold (CI 95% 1.2--1.66) in type 2 male diabetic subjects and 2.1 fold (95% CI 1.6--2.7) in female type 2 diabetic  subjects \[[@CR21]\]. From these data we must assume that use of insulin is associated with increased risk of falls. This could be due to hypoglycemia leading to an acute decrease in coordination, but this association could be due to other mechanisms. In the Women's Health and Aging Study insulin use was considered a marker of diabetes severity. However, after adjustment for several diabetes-related comorbidities, duration of disease (a variable strongly correlated with insulin therapy) and time-dependent measures of physical function did not modify the association between insulin use and risk of falling. These findings suggest that other mechanisms underlie the association between insulin therapy and risk of falling. Since insulin is the most important risk factor for hypoglycemia, it is plausible, although unproven, that it might explain the excess risk of falls \[[@CR22]\]. In addition, falls associated with hypoglycemia have a 70% higher risk of leading to a fracture and are more likely to result in a visit to the emergency room, hospitalization and long-term care placement \[[@CR23], [@CR24]\].

Sulfonylureas, despite being associated with a higher risk of hypoglycemia, have not been shown to increase the frequency of falls and fractures. Likewise, metformin, DPP-4 inhibitors and GLP-1 receptor agonists, which do not induce hypoglycemia, have not been associated with fractures. Only one of the SGLT-2 inhibitors (canagliflozin) has been shown to increase the risk of fracture in a single study, even though it does not cause a decrease in bone mineral density other than in the total hip area, which can be expected to occur with weight loss \[[@CR25]\]. In the CANVAS study there was an increase in fractures, often of the upper limbs, which was presumably due to hypotension and falls \[[@CR26]\]. However, in the CANVAS-R trial the risk of fracture was not increased \[[@CR27]\]. The difference between the CANVAS and CANVAS-R trials is that in the former hypotensive agents such as diuretics and inhibitors of the renin-angiotensin-aldosterone (RAA) system could not be discontinued prior to the initiation of canagliflozin therapy, whereas in the later this was permitted, which would explain the increase in falls and fractures in the CANVAS study. In addition to hypoglycemia, patients with diabetes and autonomic neuropathy, as well as those on diuretics and other anti-hypertensive drugs, are at risk of a fall due to orthostasis. Polypharmacy with certain analgesics, muscle relaxants and tranquilizers further increases the fall risk \[[@CR28], [@CR29]\].

Sarcopenia {#Sec4}
==========

Sarcopenia, the frequency of which is associated with hypogonadism, aging and diabetes, results in decreased muscle mass, strength and function. In a Chinese population the prevalence of sarcopenia and pre-sarcopenia in patients with diabetes was significantly increased by 14% compared to controls. After multivariate logistic regression analyses (adjusting by age, gender, anti-diabetic medication, caloric and protein intake, physical activity and visceral fat) elderly patients with T2DM exhibited a significant 37% increase in risk of sarcopenia and 73% increase in pre-sarcopenia compared to non-diabetic individuals \[[@CR30]\].

Sarcopenia can be defined as a progressive skeletal muscle disorder characterized by decreased muscle quantity and strength accompanied by decreased physical muscle performance \[[@CR31]\]. Sarcopenia is caused by degeneration at the neuromuscular junction and loss of motor units. It is also associated with increased catabolism of muscle, insulin resistance, decreased IGF-1, anabolic resistance, inflammation and oxidative stress as well as clinically with anorexia and nutritional deficiencies \[[@CR32], [@CR33]\]. Sarcopenia is also associated with an increased ratio of slow-to-fast twitching muscle units, which adds to the loss of power, thus decreasing the ability to extend force quickly to regain balance \[[@CR34]\]. Clinically, decreased hand strength is not only the best marker for sarcopenia but also a much better determination of the risk of a fall (since it may also evaluate motor neuropathy) \[[@CR35], [@CR36]\]. Perhaps regular measurements of hand strength using an inexpensive device may be an asset in the risk assessment of falls and fractures, particularly of the hips, in patients with diabetes.

Therapy of Sarcopenia in the Diabetic Patient {#Sec5}
=============================================

Treatment of sarcopenia involves dietary therapy and exercise. Leucine supplementation has grown in popularity due to the discovery of its anabolic effects on cell signaling and protein synthesis in muscle \[[@CR37]\]. Undernutrition is present in as many as 10% of community-dwelling and as much as 65% of institutionalized patients. There is strong, but not conclusive, evidence that correcting low vitamin D levels not only improves muscle strength but also decreases the frequency of falls as shown in a meta-analysis of double-blind randomized controlled trials. Eight studies that contained 2426 subjects showed that the daily intake of 700--1000 IU of vitamin D reduced the risk of falls by 19% (95% CI 0.71--0.92) whereas lower daily intake (200--600 IU) was not effective \[[@CR38]--[@CR40]\].

A cross-sectional study of the National Health Survey III, which included 13,432 subjects, showed an association between high 25-OH vitamin D levels (22.5--94 nmol/l) and high bone mineral density. However, in the largest placebo-controlled RCT done so far, daily vitamin D3 supplementation for 2 years did not have a significant effect on bone mineral density (BMD) of the spine and hip, or structure and strength measures at the radius and tibia, in a population of older adults in the US not specifically selected for vitamin D insufficiency \[[@CR41], [@CR42]\].

In addition to its action on bone, vitamin D also has an effect on muscle. For example, in the vitamin D receptor knockout mouse there is atrophy of muscle as well as reduced function \[[@CR43]\]. Vitamin D levels \< 40 ng/ml are associated with myopathy and decreased function of fast-twitching type 2 muscle fibers \[[@CR44], [@CR45]\]. In institutionalized subjects a normal 25-OH vitamin D level is associated with improved psychomotor function, muscle performance and strength, and a slower decline in muscle function has been shown as well as less sarcopenia and falls \[[@CR46]--[@CR50]\]. Nutritional intervention involving protein supplementation (but not other dietary interventions) especially in conjunction with exercise produces consistent improvements in lower body muscle strength but has less consistent effects on hand grip or walking speed \[[@CR51]\]. Therefore, based on these data, largely due to muscle dysfunction, and less due to changes in BMD, there is a decrease in falls and fractures in subjects with a vitamin D intake \> 700 IU daily and 25-OH vitamin D levels \> 40 ng/ml.

In men with hypogonadism, defined as a serum testosterone level \< 280 ng/dl, replacement to achieve age appropriate normal levels has been shown to improve muscle mass and strength \[[@CR52]\].

However, it is unclear whether testosterone improves mobility or reduces the risk of falls in older men. In 2004 the Institute of Medicine concluded that there was insufficient evidence that testosterone treatment of older men with low testosterone was beneficial and recommended a large trial to evaluate its benefits and possible risks \[[@CR53]\]. The Testosterone Trials (TTrials) evaluated testosterone treatment in older men with age-related decline in testosterone levels and one or more symptoms or signs of testosterone deficiency \[[@CR54]\]. In the secondary analyses of the Testosterone Trials, testosterone administration in older men with mobility limitation (42% with diabetes) consistently improved self-reported measures of physical function and modestly improved mobility but did not affect fall frequency. The treatment effect on mobility measures was small and seemed to be related to baseline gait speed and self-reported mobility limitation. The authors concluded that testosterone therapy should probably not be started specifically to improve physical function, although men who are treated with testosterone for other reasons could have some improvement in physical function \[[@CR54]\].

Osteoporosis and Bone Fragility {#Sec6}
===============================

Patients with both type 1 and type 2 diabetes have an increased risk of fractures, which is underestimated by measurements of bone mineral density \[[@CR55], [@CR56]\]. Those with poor glycemic control and who have had diabetes for a long time, those with microvascular complications and those who are utilizing insulin are at the highest risk of both bone fragility and fracture.

In type 1 diabetes bone mineral density (BMD) is often low. However, normal or even elevated bone mineral density is seen in type 2 diabetes patients, probably due to increased estradiol levels occurring because of increased aromatization of androgens, which in turn is due to an increase in adipose mass. In both type 1 and type 2 diabetes bone turnover is also decreased so that the microstructure of bone is altered particularly when the microvascular complications (retinopathy and nephropathy) are present. A possible explanation for increased bone fragility is that cross-linking of collagen due to the prolonged hyperglycemia resulting in formation of advanced glycosylated end products (AGE) leads to alteration of bone microstructure and biomechanical properties \[[@CR57], [@CR58]\]. Thiazolidinedione use can lead to osteoporosis because of an increase in the formation of adipocytes at the expense of osteocytes, leading not only to osteoporosis but also to an increase in marrow adiposity and increased adipocytokine levels, which further increase local inflammation contributing to bone fragility \[[@CR59], [@CR60]\]. Another factor that may play a role in the increase in bone fragility associated with diabetes is increased osteocyte dysregulation \[[@CR61]\].

Outcomes of Hip Fracture in the Diabetic Patient {#Sec7}
================================================

Mortality is increased following a fall accompanied by a hip fracture in the diabetic patient. A population-based cohort study of 55,891 type 2 diabetic subjects with hip fractures was compared with 103,093 non-diabetic subjects \> 80 years old. With diabetes, mortality was 48.8 versus 33.8 per 1000 person years in the non-diabetic subjects. Therefore, diabetic subjects had a 50% increase in mortality over the following 5 years. These data are based on clinical records, and there is lack of validation concerning whether individual fractures are due to fragility or not \[[@CR62]\]. In a population-based prospective cohort study from Catalonia, Spain, patients with type 2 diabetes had, compared to patients without diabetes, a post-hip fracture increase in mortality of 28% (CI 95% 1.02--1.60) in men and 57% (95% CI 1.31--1.82) in women \[[@CR63]\]. The increase in the mortality following hip fracture in the diabetic subject is assumed to be due to increases in the incidences of cardiovascular death and pneumonia \[[@CR64]\].

Conclusion {#Sec8}
==========

There is an increased risk of falls due to sarcopenia, hypoglycemia, hypotension, analgesics and distal symmetrical polyneuropathy in the diabetic patient. Furthermore, this increased fracture risk rises even in the absence of decreased bone mineral density because of increased bone fragility likely due to glycosylation of collagen and inflammation altering bone architecture. Vitamin D intake and higher 25-OH vitamin D levels may be protective in both avoiding falls and decreasing fractures. Therapy with insulin, analgesics, thiazolidinediones and perhaps canagliflozin increases the risk of falls and fractures in the diabetic patient. The mortality following a hip fracture is increased in the diabetic patient because of increased cardiac events and pneumonia.
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